Objective: Adrenal surgery remains a distinct surgical challenge. Technical challenges associated with laparoscopic adrenalectomy are tumour size, haemorrhage control and oncological compromise. Hand-assisted laparoscopic (HAL) adrenalectomy, utilizing a hand-port device, offers minimally invasive surgery with the advantages and safety of tactile feedback. We aimed to assess the efficacy of HAL for patients requiring adrenalectomy for tumours over 5 cm in size.
However, its efficacy has yet to be proven in any large scale studies. 6, 7 Hand-assisted laparoscopic adrenalectomy potentially addresses and minimizes all of these concerns. The HAL technique provides tactile feedback for large tumours and allows dissection to be kept outside the capsule of the tumour without disruption. The plane of dissection can be visualized very clearly in a magnified fashion on screen. This allows meticulous dissection and the use of laparoscopic energy devices for haemostasis. The hand port also provides the ideal conduit for delivering the adrenal tumour from the abdominal compartment minimizing the risk of tumour spillage and port site seeding.
Larger tumours are easier to manipulate providing tactile feedback to ensuring safe dissection and control of larger blood vessels and reducing the need for conversion to open surgery. Finally, the surgeon's fingers and hand can be used to great advantage for retraction, traction and counter traction, without the insertion of additional ports or retractors.
This series aims to demonstrate that hand-assisted laparoscopic adrenalectomy is a safe method for adrenalectomy for large adrenal tumours.
HAL is a robust technique to facilitate removal of larger (>5 cm) lesions without risk to the patient and with significant benefits in terms of recovery and has potential oncological benefit as lesions are removed intact.
| MATERIAL S AND ME THODS
A single consultant surgeon performed all adrenalectomies in this case series over an 8 year period. All HAL adrenalectomies were performed via a trans peritoneal approach. A total of 13 patients with bilateral lesions were removed through one midline (hand port) incision without conversion. All patients were included and analysed retrospectively. The primary endpoints were efficacy of the procedure, patient outcomes including morbidity and mortality, conversion to open surgery and hospital stay.
All patients with lesions larger than 5 cm were included in the analysis for this study. There were 12 patients with tumours smaller than 5 cm who had adrenalectomy in this time period that were excluded after histology results confirmed lesions smaller than 5 cm.
Prior to the procedure, all patients had comprehensive pre-operative general and endocrine secretory assessment to determine whether lesions were functionally active. Radiological imaging in the form of either computed tomography or magnetic resonance imaging was carried out on all patients.
In all patients with a suspected pheochromocytoma, an iodine-123-meta-iodobenzylguanidine (MIBG) scan was performed Postoperative complications collated included wound morbidity, infections, hospital acquired pneumonia and an incisional hernia. Wound infections were defined as the development of localized inflammation that required antibiotics between the peri-operative period and at clinic review at 6 weeks.
| Statistical analysis
The data were compiled and analysed using ExcEl 2007. (Microsoft, Richmond, CA, USA). All values are expressed as medians (range) unless otherwise specified. Full institutional permission was obtained for this retrospective study.
| Surgical technique
In all cases, standard laparoscopy was performed and the abdomen was insufflated with CO 2 to a pressure of 12 mm of mercury
adrenal tumours, adrenalectomy, hand assisted, hand port, laparoscopic, minimally invasive, port site seeding (increased to 14 mm in situations where there is difficulty in visualization or in patients with a larger body habitus; Figure 1 ).
After general laparoscopy to ensure no other undiagnosed co-existent pathology, the technique of dissection is similar to the well-described technique of totally laparoscopic adrenalectomy. In the hand-assisted technique, however, the operator's non-dominant hand is utilized to maximum advantage, to identify the lesion, gauge its characteristics and to aid in tissue dissection and retraction.
On the left side, the hand is used to retract the splenic flexure 
| RE SULTS
A total of 56 patients with 69 lesions (43 unilateral, 13 bilateral) were included and analysed in this study. All patients with adrenal lesions Histologically, 45 of the 56 patients had benign adrenal tumours.
( Table 1 Due to this relatively sparse and irregular distribution by multispecialty surgeons, the opportunity to achieve technical competence with a purely laparoscopic approach to adrenalectomy, which has historically been described as the "gold standard" surgical procedure, can be difficult for aspiring adrenal surgeons and surgical trainees except in high volume endocrine surgeons dealing with endocrine surgery. Hand-assisted laparoscopic surgery is a well described and safe laparoscopic access technique used for A disadvantage with this technique may be the need to reposition the patient in the case of bilateral lesions. However, in this series, there were 13 bilateral lesions with an acceptable time taken
for repositioning.
Our series shows that HAL adrenalectomy is a safe and easily reproducible approach that provides significant benefit particularly in the resection of large and malignant adrenal tumours. Our average tumour size (8 cm) is larger than previous laparoscopic studies with most cut-offs at 6 cm. [15] [16] [17] This technique therefore provides the opportunity to provide a laparoscopic approach in situations that may not have been previously been widely reported, thereby providing a beneficial surgical technique in these situations. We concur with other authors that it is not the size of the tumour that prohibits safe resection but the adherence to strict oncological surgical principles that is important. However, tumours greater than 6 cm will require a larger incision to extract them, losing the advantage of the pure laparoscopic approach. HAL therefore provides an excellent compromise.
Of the 56 HAL adrenalectomies performed, there have been only one conversion (1.8%) and one recurrence of the original disease to date. This is comparable to other large laparoscopic studies, some converting to open or hand-assisted techniques due to large sized, malignant tumours or haemorrhage. 18, 19 Our one conversion was a right-sided adrenal cortical carcinoma due to haemorrhage from a superior adrenal vein. This patient is currently disease-free three years after surgery after adjuvant chemotherapy.
Our post-operative complication rate was 14% (8) , which were all self-limiting. While the early postoperative complications affected patient discharge, most of the patients in this series had significant co-morbidities and social requirements associated with advanced age. This included 4 of the 5 patients treated as post-operative infections (HAP/intrabdominal sepsis). Tumour size is also an independent factor for increased complication rate and thus longer hospital stay.
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This paper is limited by its retrospective nature. It is not possible to draw a scientific conclusion on the superiority of this technique over totally laparoscopic or retroperitoneal adrenalectomy without comparative trials. However, the low conversion rate and satisfactory patient outcomes for lesions over 5 cm suggest this is an eminently suitable technique in adrenal surgery.
Hand-assisted laparoscopic adrenalectomy may also offer a shorter learning curve as it offers tactile integration with minimally invasive surgery. This is the largest case series to date on HAL adrenalectomies. HAL offers the benefits of minimally invasive surgery and tactile feedback for the removal of all adrenal tumours including large tumours and those with malignant pathology.
